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FUNGICIDAL  SCREENING  TESTS  FOR  THE  CONTROL 
OF  DECAY  IN  FLORIDA  ORANGES 

By  G.   A.    Meckstroth,    plant  pathologist,    J.    R.    Winston,    senior  horticulturist,    and  C.  F. 
Melvin,    biological  aid,    Market  Quality  Research  Division, 
Agricultural  Marketing  Service 

Screening  tests  with  fungicidal  and  fungistatic  compounds  for  inhibition  of  post-har- 
vest decay  of  oranges  were  made  at  Orlando,    Fla.  ,    during  the   1952-53  through  1956-57 
shipping  seasons  (September  through  June).1    Results  are  given  in  this  report,    which  is 
the  fourth  in  a  group  of  reports  on  results  of  similar  studies.2-  This  study  is  part  of  a 
broad  program  of  research  aimed  at  reducing  marketing  costs  and  expanding  markets 
for  farm  products. 

MATERIALS  AND  METHODS 

The  fruit  used  in  these  tests  was  produced  in  the  same  locality,    and  for  the  most 
part,    in  the  same  groves  which  supplied  the  fruit  tested  and  reported  on  previously. 
Oranges  were  harvested  by  clipping,    brought  to  the  laboratory  and  washed.    Twenty-five 
fruits  were  artificially  inoculated  with  Diplodia  natalensis  Pole -Evans  and  Phomopsis 
citri  Fawc.  ,    and  10  fruits  with  Penicillium  digitatum  Sacc.    An  untreated  check  lot  of 
fruit  was  used  for  comparison  with  each  chemically  treated  lot. 

Production  of  Inoculum 

During  the  seasons  1952-53,   1953-54,  and  a  part  of  the  1954-55  season,  inoculum  con- 
sisted of  macerated,  diseased  tissue  from  fruit  naturally  infected  with  Diplodia  or  Phomopsis. 

It  was  thought  that  a  more  consistent  infection  might  result  from  using  inoculum 
from  sporulating  cultures.    The  inoculum  was  grown  on  steam-sterilized  oats.    Water  was 
added  to  the  sporulating  culture,    which  was  then  chopped  in  a  food  blender.   Sporulation 
was  good  by  Phomopsis  but  sparse  and  inconsistent  by  Diplodia. 

Diplodia  produces  spores  sparingly  or  not  at  all  on  common  artificial  media  under 
normal  laboratory  conditions  of  temperature  and  light.    An  effort  was  made  to  find  a 
substratum  on  which  it  freely  sporulates.    It  was  grown,    beginning  in  August  1956,    on  the 
following  steam -sterilized  plant  stems  or  materials:   Indigofera  (hairy  indigo),   S planum 
(nightshade),    Bidens  (beggar-ticks),    Meibomia  (sticktights),    Amaranthus,    Crotalaria, 
Glottidiuro  (bladder -pod),    Dendropogon  (spanish  moss),    lima  bean  pods,   wheat  straw, 
fresh  orange  bark  cut  from  limbs,    orange  twigs,    oats,   wheat,    and  pecan  hulls.   Sporula- 
tion was  abundant  on  Glottidium  and  Meibomia,    moderate  on  Dendropogon,   wheat  straw, 
orange  twigs,    and  orange  bark,    and  sparse  on  Crotalaria,    Bidens,    Indigofera,    Amaran- 
thus,   and  oats.   Sporulation  of  the  cultures  was  as  prolific  after  sterilization  of  the  plant 
materials  with  propylene  oxide  as  with  steam.    No  sporulation  was  noted  on  Solanum, 
lima  bean  pods,   wheat,    or  pecan  hulls. 

Tests  with  Phomopsis  showed  that  it  sporulated  abundantly  on  Glottidium,    Indigo- 
fera,  Solanum,    Bidens,    Meibomia,    Amaranthus,    Crotalaria,    lima  bean  pods,    orange 
twigs,    and  oats,    and  sparingly  on  orange  bark  and  on  wheat. 

During  the   1956-57  season  freshly  sporulating  cultures  of  Diplodia  and  Phomopsis 
on  Glottidium  stems  were  used  as  inoculum. 


Various  chemical  companies  and  manufacturers  supplied  the  chemicals  for  the  screening  program. 
2  U.S.  Dept.  Agr.  Agr.  Res.  Admin.   Handling,  Transportation  &  Storage  Off .  Rpts.  No.  201  (Jan.  20,  1949),  No.   253 
(Aug.  2,  1951),  and  No.  292  (June  1,  1953). 


Inoculation  Procedure 

The  inoculation  procedure  with  Diplodia  and  Phomopsis  was  as  follows:  Water  was 
added  to  flasks  containing  sporulating  cultures  on  woody  stems,    shaken,    and  poured  onto 
cultures  of  these  fungi  growing  on  steam-sterilized  oats,    which  were  chopped  in  a  food 
blender  to  make  a  gruel.    A  small  amount  of  this  inoculum  was  daubed  on  the   "button"  or 
stem-end  of  the  fruit  with  a  spatula.    In  the  earlier  tests  inoculum  consisted  of  macer- 
ated,   diseased  fruit  tissue. 

The  inoculation  procedure  with  Penicillium  was  as  follows:    The  rind  of  each  fruit 
was  wounded  to  a  depth  of  1.  0  to  1.  5  mm.   with  10  needle  pricks  on  opposite  sides  near 
the  stylar  end  (in  some  tests  a  series  of  punctures  was  made  at  the  equator),    and  dipped 
in  a  concentrated  aqueous  suspension  of  viable  spores.    Decay  that  developed  in  areas 
other  than  that  which  was  wounded  was  not  considered  in  appraising  the  effectiveness  of 
the  chemical  under  test. 

After  inoculation,    the  fruit  was  placed  in  20-gallon  metal  cans  with  lids  and  perfo- 
rated bottoms;  the  sides  of  the  cans  were  lined  with  wet  paper.    The  perforations  less- 
ened the  build-up  of  CO2  and  other  gases  in  the  cans,    and  the  wet  paper  maintained  an 
almost  saturated  atmosphere  favorable  for  spore  germination.    The  fruit  was  held  in  the 
cans,    usually  for   18  to  20  hours,    at  favorable  incubation  temperatures. 

Chemical  Treatment 

The  fruit  inoculated  with  Diplodia  and  Phomopsis  was  washed  to  remove  the  inocu- 
lum, after  the  incubation  period.  Penicillium  -inoculated  fruit  was  not  washed  before 
treatment  with  the  chemicals.  The  solubility  of  the  chemical  under  test  determined  the 
solvent  or  diluent  used  as  shown  in  table  1.  The  washed  fruit  was  dried  and  then  dipped 
in  the  chemical  solutions  (usually  5,  2  1/2,  and  1  l/4  percent  concentrations)  for  10 
seconds,  dried  without  rinsing,  and  stored  for  3  weeks  in  a  holding  room  maintained  at 
70°  F.    Weekly  inspections  were  made. 

RESULTS 

The  results  are  given  in  table   1  under  2  categories:    Decay-delaying  action  of  the 
chemical  after  2  weeks,    and  decay  control  after  3  weeks  for  oranges  artificially  inocu- 
lated with  Diplodia,    Phomopsis,    and  Penicillium.    The  chemicals  are  listed  alphabeti- 
cally and  in  descending  order  of  effectiveness  against  the  three  organisms. 

These  chemicals  were  studied  for  their  effects  on  the  fungi  and  for  their  phytotoxi- 
city.   Studies  on  animal  toxicity  were  not  made.    This  would  be  the  next  necessary  step 
before  any  of  these  chemicals  could  be  used  commercially  to  control  decay. 

Although  a  wide  range  of  compounds  was  tested,    very  few  were  effective  against  all 
three  organisms.    The  following  compounds  gave  comparatively  good  decay  control 
(table  1): 

2-Propyn-l -ol,    carbanilate 

Nickel  selenate 

Butyramide,    N-butylthio- 

Phenol,    2,  4-dichloro-6-phenyl- 

Quinoline,    8 -hydroxy-,    mono  phosphoric  acid  salt. 

With  the  exception  of  the  first  compound,  all  caused  chemical  injury  to  the  rind  at  all 
concentrations  tested;  the  first  one  produced  chemical  injury  at  higher  concentrations 
only. 

Tests  on  the  most  promising  chemicals  found  in  this  screening  program  are  being  con- 
tinued. 
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A  list  of  18  compounds  for  which  readings  were  obtained  for  Phomopsis  and  Penicil- 
lium  only  is  given  in  table  2.    Decay  was  not  sufficient  in  the  Diplodia  checks  to  warrant 
evaluation.    It  will  be  noted  that  the  first  two  in  the  list,    Hydracrylonitrile,    carbanilate, 
and  Carbanilic  acid,    2-methylallyl  ester,    rated  "A"  against  Phomopsis;  although  Car- 
banilic  acid,    2-methylallyl  ester  caused  chemical  injury  to  the  rind  at  all  concentrations 
tested,   no  chemical  injury  was  recorded  for  Hydracrylonitrile,    carbanilate. 

Abbreviationsi    numerical  ratings,    and  other  characters  are  explained  in  the  following 
key. 

KEY 

Solvent  or  diluent 

Al  Alcohol. 

AID  Dispersed  in  alcohol. 

DV  Dispersed  in  organic  vehicle. 

0  Organic  solvent  other  than  alcohol  singly. 
Sat.    Sol.          Saturated  solution. 

W  Water. 

WD  Dispersed  in  water. 

WE  Water  emulsion. 

W  +  NaOH  Water  plus  sodium  hydroxide. 

Results:  Delaying  action  (2  weeks) 

1  80  Percent  or  more  reduction  in  decay,    first  and  second  weeks. 

2  More  than  50  percent  reduction  in  decay,    first  and  second  weeks. 

3  More  than  50  percent  reduction  in  decay,    second  week  only. 

4  Up  to  50  percent  reduction  in  decay,    first  and  second  weeks. 

5  Up  to  50  percent  reduction  in  decay,    second  week  only. 

6  Little  or  no  reduction  in  decay,    second  week. 

7  Little  or  no  reduction  in  decay  at  any  inspection. 

Results:  Decay  control  and  rind  injury  (3  weeks) 

A  Excellent  control  of  decay;  check  lots  had  at  least  10  times  as  much 

decay  as  treated  lots. 

B  Good  control  of  decay;  check  lots  had  5  to  9  times  as  much  decay  as 

treated  lots. 

C  Fair  control  of  decay;  check  lots  had  2  to  4  times  as  much  decay  as 

treated  lots. 

D  Poor  to  negligible  control  of  decay;  check  lots  had  less  than  2  times  as 

much  decay  as  treated  lots. 

*       .  Rind  injury  at  higher  concentrations. 

**  Rind  injury  at  all  concentrations. 
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APPENDIX 

The  following  chemicals  were  tested  before  the  last  screening  report  was  issued  but 
were  not  included  because  the  manufacturers  had  supplied  these  with  the  understanding 
that  the  names  were  not  to  be  published  without  their  permission.    These  names  have  now 
been  released. 

These  tests  were  made  with  naturally  infected  fruit  and,    in  a  few  cases,   with  fruit 
artificially  inoculated  with  Penicillium  digitatum.    The  naturally  infected  fruit  was  sub- 
jected to  ethylene  gas  for  periods  of  from  45  to  64  hours,    usually  after  (but  in  a  few 
cases  before)  treating  with  the  chemicals.   No  ethylene  gas  was  used  on  the  fruit  artifi- 
cially inoculated  with  Penicillium. 

The  results  are  given  in  table   3. 

TABLE  3. — Results  of  screening  of  chemical  compounds  for  control  of  stem-end  rot  (natural  infection)  and  Penicillium 
rot  (artificial  inoculation);  1949-50,  1950-51,  and  1951-52  shipping  seasons 


Maximum 

Solvent 

Ethylene 
applied 

Results 

Acces- 

Chemical 

con- 

or 

to  natu 

sion 

cen- 

diluent 

rally  in- 

Natural 

Penicillium 

number 

tration 

fected 
fruit    1 

infection 

inoculations 

3  weeks 

2  weeks 

3  weeks 

Percent 

1941 

3,5,6-Trichlorosaligenin 

5.0 

Al 

After 

A** 



— 

194-1 

Do. 

5.0 

Al 

None 



1 

A 

1878 

l-(p-Cumyloxy) -2-propanol 

5.0 

Al 

After 

B*-* 





1918 

2-Thiazolidinethione 

5.0 

Al 

After 

B 





1918 

Do. 

5.0 

Al 

None 



1 

B 

1935 

Allyl-p-sec-butylphenyl  ether 

5.0 

Al 

After 

C* 

— 



1935 

Do. 

5.0 

Al 

None 



7 

D 

1675 

2-Bromopropyl  phenyl  ether 

5.0 

Al 

After 

D 

— r 



1676 

2-Butoxy-N,N-dimethylisopropylamine 

5.0 

Al 

After 

D 





1890 

N-(p-(2-(2-Chloroethoxy)ethoxy)benzylidene) -2- 

naphthylamine 

5.0 

Al 

After 

D 





1890 

Do. 

5.0 

Al 

None 



7 

D 

2021 

5-Chloro-2-hydroxy-acetophenone  oxime 

3.8 

W+NaOH 

After 

D** 





2021 

Do. 

3.8 

W+NaOH 

None 



7 

D** 

1913 

7, 7 '  -  (5-Chloro-2-hydroxy-]n-phenylene)bis- 

5-chloro-2-m-cymenol) 

5.0 

AID 

After 

D 





1879 

1- (o-Cumyloxy)-2-propanol 

5.0 

Al 

After 

D** 





1925 

2,5-Dichloro-3,6-bisdodecylamino  p-quinone 

Sat. 

sol. 

0 

After 

D 





1925 

Do. 

Sat. 

sol. 

0 

None 



7 

D 

1870 

N,  N-Diethylcaproamide 

5.0 

Al 

After 

D 





1657 

4-(a,a-Dimethylbenzyl) cyclohexyl  2,4-dichloro- 

phenoxyacetate 

5.0 

0 

Before 

D** 





1677 

Dipropylene  glycol  diallyl  ether 

5.0 

Al 

After 

D 





1892 

alpha-( 2-Hydroxypropylaminomethyl) benzyl  alcohol 

5.0 

Al 

After 

D 





1892 

Do. 

5.0 

Al 

None 



4 

D 

1995 

l-Isopropoxy-2-propanone  oxime 

5.0 

Al 

After 

D 

- 



1995 

Do. 

5.0 

Al 

None 



7 

D 

1887 

alpha-( Isopropylaminomethyl) benzyl  alcohol 

5.0 

Al 

After 

D* 





1887 

Do. 

5.0 

Al 

None 



7 

D 

1919 

4-Methyl-4-phenyl-m-dioxane 

5.0 

Al 

After 

D 





1919 

Do. 

5.0 

Al 

None 



7 

D 

1950 

2 -Phenyl  cyclohexanol 

5.0 

Al 

After 

D** 





1950 

Do. 

5.0 

Al 

None 



7 

D 

1916 

4-Phenyl-m-dioxane 

5.0 

Al 

After 

D 





1938 

3-Phenylpropyl  propyl  ether 

5.0 

Al 

After 

D 





1938 

Do. 

5.0 

Al 

None 



7 

D 

1672 

1,1,1,3  Tetrachloro  butene  3 

5.0 

Al 

After 

D* 





1664 

Tribromochloromethane 

5.0 

Al 

After 

D 





1671 

1,1,3  Trichloro  butadiene 

5.0 

0 

After 

D 





1655 

p-Vinylphenetole 

5.0 

Al 

After 

D* 
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